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Statements from The American Society of Human
Genetics and from an NIH workshop have urged that
population-based carrier testing for cystic fibrosis (CF)
not be implemented immediately (Caskey et al. 1990;
Workshop on Population Screening for the Cystic Fibro-
sis Gene 1990). Others have urged that carrier testing
be more widely and immediately available (Goodfel-
low 1989; Brock 1990; Schulman et al. 1990). What
are the arguments for these differing views? Are differ-
ent countries following opposite courses? How should
these decisions be made? Numerous opinions and com-
ments are already published, most of which are refer-
enced in a recent review (Wilfond and Fost 1990).
How does the current status of the laboratory test

bear on the debate regarding CF screening? Because mu-
tation analysis today detects only a fraction of all car-
riers, certain difficulties arise, as depicted in table 1.
At rates of mutation detection of interest (75%-95%),
a large fraction of couples (1/12-15) are left with in-
creased risks (1/400-2,000) of bearing a child having
CE Microvillar intestinal enzyme analysis and use of
linkage disequilibrium data (Beaudet et al. 1989) will
not satisfactorily resolve the risks for these families.
Recognizing important ethnic and geographical differ-
ences, the present discussion will focus on numbers rele-
vant to a North American Caucasian population of
mixed European ancestry. On the basis of our un-
published experience analyzing mutations identified
through the CF Genetic Analysis Consortium, it ap-
pears practical at the present time to test for four to
seven mutations to detect about 85% of carriers. This
would mean that 72% (85% x 85%) of couples at
risk would be fully identified, i.e., the sensitivity for
detection of couples at risk would be 72%. For the
1/12-15 couples in which one partner has a negative
test and one has a positive test, the risk for CF in their
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first offspring would be about 1/600. As the ability to
detect mutations increases, two benefits occur, as shown
in table 1. First, a higher percentage of at-risk couples
is identified. Second, the level of risk for the 1/12-15
couples in which one partner has a positive test decreases
and approaches the starting risk of 1/2,500 once
95%-96% detection of mutations is possible. On the
optimistic side, it seems possible that 90% detection
will be attainable by testing 8-12 mutations. On the
pessimistic side, it appears that more than 97% detec-
tion will be virtually impossible unless one is able to
test for 30-40 or more mutations. Since cost is an im-
portant factor, perhaps testing to achieve 90% detec-
tion for less than $150 is an immediate goal, while test-
ing to achieve 95% detection for less than $100 would
be a challenging goal for a year or two from now.
What are the potential benefits of screening for CF

carriers? At the present time, there is only a single ma-
jor benefit, which is the option to make more informed
reproductive decisions with the knowledge that some
proportion of families would choose to prevent the dis-
ease. Although some would argue that the success of
the program should be judged solely by the effective-
ness of the educational program (i.e., whether screenees
understood the information), it is clear that prevention
of CF is also, at some level, a measure of a screening
program, since few would advocate expending the sub-
stantial resources involved if very few families wish to
avoid the disease. Reduction in the incidence of CF is
likely to vary substantially from country to country-
and from region to region within the United States- as
well as with other socioeconomic, cultural, and educa-
tional variables. Some geneticists have yearned for the
day when carrier testing for CF might join rubella vac-
cine, Rh immunization, and newborn screening for
phenylketonuria as a success story in prevention or treat-
ment of illness. It will not be so simple. Any prevention
program which depends on alteration of reproductive
plans and/or selective abortion cannot be viewed as sim-
ply as can a vaccine or a beneficial diet or drug, partic-
ularly in light of the complex phenotypic and prognos-
tic variables for CF. The benefits of carrier testing are
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Table I

Effect of Rate of Mutation Detection on Carrier Testing

Risk of CF if One Parent Is
Carrier and Other Has % of At-Risk Couples

% Mutation Detection Negative Test Detected

75 ............... 1/396 56
85 ............... 1/661 72

95 -..1/1,964 90
99 1/9,814 98

NOTE.-See Lemna et al. (1990) or ten Kate (1990) for calculations.

already substantial and would be increased moderately
by an improved test.
What are the potential harms and risks of carrier test-

ing? The drawbacks of carrier testing have been em-
phasized (Billings 1990; Colten 1990) and were reviewed
recently in greater detail than space permits here (Wil-
fond and Fost 1990). One problem is anxiety regarding
the potential birth of a child with CF to couples who
are not actually at risk. Currently this is a major prob-
lem for 1/12-15 couples tested, because one partner
is a definite carrier while the other has a negative test.
These couples have an increased risk (1/400-600) for
having an affected child, as discussed above, and im-
proved mutation detection would substantially reduce
the risk for most of these couples. Another problem,
misunderstanding of test results, is tied to the need for
educational programs and trained counselors. The edu-
cation complexities would be ameliorated but by no
means eliminated by an improved test.
Many other harms and risks of CF carrier testing

were reviewed by Wilfond and Fost (1990), and most
are not substantially impacted by improving the test.
Stigmatization of carriers includes societal and self-
stigmatization. In the health-care system in the United
States, discrimination against carriers and carrier cou-
ples is most worrisome with regard to health insurance
and employment; employers may discriminate against
employees whose dependents incur high medical costs.
There may be both social pressure not to terminate preg-
nancies and conflicting social pressure not to bear
affected offspring. Recommendations to test relatives
of known carriers may increase the efficiency of a pro-
gram but may reveal instances of nonpaternity. There
are valid differences of opinion regarding where good
medical and genetic health care ends and where inap-
propriate eugenics begins. The natural history of CF

is a complex spectrum to explain to families who have
not experienced the disease, and the appropriate bal-
ance of reality regarding the burden versus optimism
for therapeutic advances is difficult to achieve in a
counseling session. Finally, in light of all the other
needs of society, are the financial burdens of carrier
testing manageable or acceptable? Although it has
been estimated that prevention of a single case of CF
might cost as much as $1-$2.2 million (Wilfond and
Fost 1990), this number would be substantially lower
if one assumed that more than 40% of couples would
choose to avoid the disease, if most couples were as-
sumed to have more than one pregnancy, and if rela-
tives of carriers preferentially sought carrier testing. In
addition, the cost to identify an at-risk couple in a sec-
ond generation would be reduced by about 13-fold if
testing were offered only to offspring of known carriers.

Given these considerations, how does one decide
whether to offer testing on a widespread basis? In coun-
tries with national health-care systems, presumably
committees of experts with extensive societal participa-
tion will set policy. The benefits should be compared
with the burdens and risks. The recommendations of
the U.S. National Academy of Sciences have long
provided good guidelines for these decisions (Commit-
tee on Inborn Errors of Metabolism 1975). The Cystic
Fibrosis Research Trust in the United Kingdom accepted
applications for pilot programs in March of 1990, and
these studies should provide additional data for deci-
sion making. To my knowledge, no country or health-
care system has adopted population-based screening
as a policy yet, but this appears more imminent in some
European countries than in the United States. There
will continue to be strong differences of opinion regard-
ing carrier testing, because of differences in attitudes
regarding multiple aspects of the perceived benefits and
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risks. This coordinated national approach would seem
to be the preferable decision-making process.

In the United States, factors determining implemen-
tation of carrier testing are likely to differ substantially
because of differences in the health-care system, in the
medicolegal climate, in the commercial implications,
and in societal attitudes. While there is agreement that
pilot studies, quality assurance, and educational pro-
grams are essential, there are no specific announced
funding mechanisms for any of these activities at the
time of this writing. The statement of the NIH work-
shop forms some part of a decision-making process in
the United States (Workshop on Population Screening
for the Cystic Fibrosis Gene 1990) and, combined with
the recommendations of the National Academy of
Sciences, should provide guidelines for groups wishing
to perform testing. The National Academy of Sciences
recommendations strongly emphasize that genetic
screening requires, among other features, public benefit
and acceptance, public education, counseling resources,
and investigative pretest of the program (Committee on
Inborn Errors of Metabolism 1975). Additional state-
ments may be useful in the future. These should blunt
inappropriate commercial or medicolegal pressures. In
practice, it seems likely that carrier screening in the
United States will parallel the experience of maternal
serum alpha-fetoprotein (MSAFP) screening programs.
There is likely to be a progressive growth of the activ-
ity, perhaps limited primarily by the willingness of fam-
ilies and providers to pay for the test and by the level
of interest in the population. As is the case for MSAFP,
some will view the programs as successful and others
will cite them as disastrous. In my opinion, these differ-
ent perceptions derive more from different moral and
ethical views than from any medical or scientific facts.
Apart from eugenic concerns, the major ethical issue
appears to be whether one is willing to accept any harm
from the screening program- even if such harm is small
by comparison with the benefits - and particularly if
it is virtually impossible to educate potential screenees
perfectly regarding every aspect of the potential risks.
I believe it is inevitable that the screening option will
be offered more routinely once the mutation detection
rate reaches 90%-95%. It is the responsibility of the
genetics community to do everything in its power to
see that, if widespread screening is offered, it is con-
ducted as optimally as is realistically possible. The harm
which will come from "premature" screening without
ideal pilot-program data must be balanced against the

harm of not presenting the screening option to at-risk
couples. Geneticists probably will influence-if not
determine-the course of events in their communities
during the next 1-5 years. This participation in setting
the standard of care will be a major part of the decision-
making process in the United States.
Looking ahead a generation, I believe these options

may be moot. One will either be or not be the offspring
of a known CF carrier. It is likely that parents will have
considerable other genotypic data regarding their dis-
ease risks, as other testing becomes "piggybacked" onto
CF testing using automated methods. It is to be hoped
that CF carrier testing will become a vehicle for greatly
increasing the population's educational level regarding
the influence of genetics on both health and disease.
It is difficult to predict the outcome of the competition
between improved treatment for CF and prevention
through altered reproduction, but both promise to de-
crease the burden of the disease in society.
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